We have recently completed a 64-night spectroscopic monitoring campaign at the Lick Observatory 3-m Shane telescope with the aim of measuring the masses of the black holes in 12 nearby (z < 0.05) Seyfert 1 galaxies with expected masses in the range ∼ 10 6 -10 7 M ⊙ and also the well-studied nearby active galactic nucleus (AGN) NGC 5548. Nine of the objects in the sample (including NGC 5548) showed optical variability of sufficient strength during the monitoring campaign to allow for a time lag to be measured between the continuum fluctuations and the response to these fluctuations in the broad Hβ emission, which we have previously reported. We present here the light curves for the Hα, Hγ, He II λ4686, and He I λ5876 emission lines and the time lags for the emission-line responses relative to changes in the continuum flux. Combining each emissionline time lag with the measured width of the line in the variable part of the spectrum, we determine a virial mass of the central supermassive black hole from several independent emission lines. We find that the masses are generally consistent within the uncertainties. The time-lag response as a function of velocity across the Balmer line profiles is examined for six of the AGNs. We find similar responses across all three Balmer lines for Arp 151, which shows a strongly asymmetric profile, and for SBS 1116+583A and NGC 6814, which show a symmetric response about zero velocity. For the other three AGNs, the data quality is somewhat lower and the velocity-resolved time-lag response is less clear. Finally we compare several trends seen in the dataset against the predictions from photoionization calculations as presented by Korista & Goad. We confirm several of their predictions, including an increase in responsivity and a decrease in the mean time lag as the excitation and ionization level for the species increases. Specifically, we find the time lags of the optical recombination lines to have weighted mean ratios of τ (Hα) : τ (Hβ) : τ (Hγ) : τ (He I) : τ (He II) = 1.54 : 1.00 : 0.61 : 0.36 : 0.25. Further confirmation of photoionization predictions for broad-line gas behavior will require additional monitoring programs for these AGNs while they are in different luminosity states.
INTRODUCTION
Active galactic nuclei (AGNs) are some of the most energetic objects in the Universe, radiating at luminosities above 10 42 erg s −1 , and yet their continuum emission is known to vary on timescales as short as days. The size constraints set by such rapid variability mean that the extreme energy output of AGNs, often comparable to or more than the energy output of all the stars in a typical galaxy, must originate within a region whose size is ∼ 0.01 pc (approximately the size of our Solar System). This large amount of energy arising from such a small region is theorized to be the result of gravitational accretion onto a supermassive black hole (e.g., Rees 1984) .
For even the nearest AGNs, the region in which the continuum emission arises is only microarcseconds in angular size and is therefore unresolvable with current imaging detectors. Dedicated monitoring programs have instead taken advantage of the fast, and often dramatic, variability of AGNs to completely revise our understanding of the physical conditions present in the gas on these small scales.
Early monitoring programs with monthly sampling found that variations in the broad emission lines promptly followed variations in the continuum flux, putting an upper limit on the size of the broad-line region (BLR) of only a light-month for typical Seyfert galaxies (e.g., NGC 4151: Antonucci & Cohen 1983; Ark 120: Peterson et al. 1985) . Especially in the case of Ark 120, this upper limit was surprising, as the size of the BLR was expected to be an order of magnitude larger, based on photoionization models (e.g., Kwan & Krolik 1981; Ferland & Mushotzky 1982) . Higher temporal sampling has since confirmed the size of the BLR for typical nearby Seyferts to be only a few light-days.
In addition, densely sampled monitoring programs have discovered that higher ionization lines respond more promptly (and more strongly) to continuum variations than lower ionization lines (e.g., Clavel et al. 1991) , indicating radial ionization stratification throughout the BLR, contrary to the previous single-cloud models where all emission lines were thought to arise from the same location. More recent models such as the "locally optimally emitting cloud" (LOC) model (Baldwin et al. 1995) predict ionization stratification as a natural outcome. In the LOC model, a range of cloud parameters is present in the BLR and the emission that we happen to see as observers arises from selection effects working within the BLR such that the majority of the emission from a specific line will come from a location where the parameters are most conducive to the production of that line.
A further discovery of monitoring programs is that the BLR appears to be virialized; the distance to a specific region in the BLR is inversely proportional to the square of the gas velocity in that region. This was first conclusively shown for the most well-studied AGN, NGC 5548 (Peterson & Wandel 1999 ; see also Krolik et al. 1991) , where τ ∝ v −2 , with τ the broad emission line time lag relative to changes in the continuum flux (i.e., the BLR light-crossing time), and v the velocity width of the broad line. Subsequent studies have also shown this to be true for several additional AGNs (e.g., Onken & Peterson 2002; Kollatschny 2003) . This behavior is consistent with the fact that the BLR gas is under the gravitational dominance of the central supermassive black hole, and so the response of the BLR gas can be used to learn about the mass of the black hole.
To date, black hole masses have been determined for some 44 AGNs (Peterson et al. , 2005 Bentz et al. 2009 ). The most recent additions come from the Lick AGN Monitoring Program (LAMP), a dedicated 64-night spectroscopic monitoring campaign using the Lick Observatory 3-m Shane telescope and supplemented by four small-aperture telescopes employed in photometric monitoring. First results from LAMP were presented by Bentz et al. (2008) (hereafter Paper I), followed by a full presentation of the photometric light curves (Walsh et al. 2009 ; hereafter Paper II) and the Hβ light curves and analysis (Bentz et al. 2009 ; hereafter Paper III), and a re-examination of the M BH − σ ⋆ relationship for AGNs (Woo et al. 2010; hereafter Paper IV) . In this work, we present the light curves and analysis for the additional broad optical emission lines in the LAMP sample, namely Hα, Hγ, He II λ4686, and He I λ5876. We compare the results for these optical emission lines with results from previous monitoring campaigns, as well as with recent theoretical predictions of BLR behavior based on photoionization models.
OBSERVATIONS
The LAMP sample of AGNs is comprised of 12 nearby (z < 0.05) Seyfert 1 galaxies with single-epoch black hole mass estimates in the range ∼ 10 6 − 10 7 M ⊙ , expected Hβ lag times of 5 − 20 days, and relatively strong broad-line components to their Hβ emission lines. In addition, we include NGC 5548, the most well-studied AGN with over a decade of densely sampled monitoring data and a well-determined black hole mass from reverberation mapping of 6.54 +0.26 −0.25 × 10 7 M ⊙ (Bentz et al. 2007 , and references therein), for a total of 13 targets.
Each of the AGNs was monitored both photometrically (Johnson B and V bands) and spectroscopically. Details of the photometric monitoring and data processing are presented in Paper II. In short, four auxiliary telescopes were employed to monitor subsets of the LAMP sample -the 0.76-m robotic Katzman Automatic Imaging Telescope (KAIT), the 2-m Multicolor Active Galactic Nuclei Monitoring telescope, the Palomar 1.5-m telescope, and the 0.8-m Tenagra II telescope. The photometric monitoring began in early February 2008 and was increased to nightly monitoring on 2008 March 17 (UT, both here and throughout), approximately two weeks before the onset of the spectroscopic monitoring. The images were reduced following standard techniques and differential photometry was employed to determine the brightness of the AGNs relative to stars within the field of view. Absolute calibrations were set by observations of Landolt (1992) standard stars. Finally, a simple galaxy disk model was determined for each AGN host galaxy from images obtained on a night with good seeing and clear skies. The modeled disk flux determined to be within the photometric aperture of the AGN was subtracted from the final AGN light curves. No correction has been attempted for the contribution of bulge light, as the bulge and AGN point-spread function are indistinguishable in the ground-based imaging.
Details of the spectroscopic monitoring and processing are presented in Paper III. To summarize, spectroscopic monitoring was carried out over 64 nights at the Lick Observatory 3-m Shane telescope between 2008 March 25 and June 1. The red CCD of the Kast dual spectrograph was employed with the 600 lines mm −1 grating (resulting in spectral coverage over 4300-7100 Å), giving a nominal resolution of 2.35 Å pix
in the dispersion direction and 0. ′′ 78 pix −1 in the spatial direction. A 4 ′′ -wide slit was used and each target was observed at a fixed position angle. IRAF 19 was employed for the reduction of the two-dimensional spectroscopic images and the extractions of the one-dimensional spectra. Flux calibrations were determined from nightly spectra of standard stars, which typically included Feige 34 and BD+28
• 4211. A final, internal calibration of the spectra was accomplished using the spectral scaling algorithm of van Groningen & Wanders (1992) . The algorithm scales the total flux of the narrow [O III] λλ4959, 5007 doublet in each spectrum to match the [O III] flux in a reference spectrum created from the mean of all the spectra for a given object.
As the [O III] doublet is very close in wavelength to the Hβ emission line, the Hβ line is the most accurately calibrated broad line for each of our galaxies. Hα, while being much brighter than Hβ, is ∼ 1700 Å redward of Hβ in the observed frames of these galaxies, and is near the red edge of our spectroscopic coverage. Unfortunately, there exists no similar strong, unblended narrow emission line near Hα. The [S II] doublet at λλ6716, 6731 is fairly weak and, at the typical redshifts for the LAMP AGNs (z ≈ 0.01), was often affected by the atmospheric B-band absorption at ∼ 6860 − 6890 Å, making it an unacceptable choice for internal scaling of the 19 IRAF is distributed by the National Optical Astronomy Observatories, which are operated by the Association of Universities for Research in Astronomy, Inc., under cooperative agreement with the National Science Foundation.
spectra. Therefore, we have simply applied the scaling determined for the Hβ + [O III] complex to the Hα region as well, even though it may not be entirely accurate due to aperture effects that can vary with wavelength (e.g., differential atmospheric refraction, wavelength-dependent seeing). The Hγ line is much less affected by these issues, as it is closer in wavelength to the Hβ line, although the data quality of Hγ also occasionally suffers from being close to the blue edge of our spectroscopic coverage.
For each of the final, calibrated spectra, spectroscopic light curves were measured by fitting a local, linear continuum under the broad emission line and integrating the emission-line flux above the fitted continuum. This technique includes the flux contribution from the narrow emission lines, but the contribution is just a constant flux offset. Table 1 lists the nine LAMP targets for which we were able to measure Hβ time lags, and Table 2 gives the continuum windows and line integration limits for the broad, optical emission lines in each of these nine AGNs. Also listed in Table 2 are the means and standard deviations of the emission-line fluxes. In Paper III, we discuss four objects in the LAMP sample which did not have reliable Hβ time lags (IC 4218, MCG-06-30-15, Mrk 290, and IC 1198) . We do not find any evidence for reliable time lags in any of the additional optical broad-line light curves from any of these four objects, and so we exclude them from further discussion. Emission-line light curves for the nine LAMP AGNs are presented in Tables 3-11 (we include here the first five epochs of the light curves as a guide; the entirety of the tables are available in the online journal). Figures 1-9 display the B-and V -band light curves, the emissionline light curves, and the mean and root-mean-square (rms) spectra for each object.
Statistical properties of the light curves are listed in Table 12 along with the properties of the B-and V -band light curves and the 5100 Å flux for comparison. Column (1) lists the object, column (2) gives the feature, and column (3) lists the number of measurements in each light curve. Throughout this analysis, we binned all photometric measurements within 0.1 days. Columns (4) and (5) are the sampling intervals between data points, measured as the mean and median, respectively. Column (6) gives the mean fractional error, which is based on the comparison of observations that are closely spaced in time. The "excess variance" in column (7) is computed as
where σ 2 is the variance of the fluxes, δ 2 is their mean-square uncertainty, and f is the mean of the observed fluxes. Finally, column (8) is the ratio of the maximum to the minimum flux (R max ) for each light curve.
3. ANALYSIS 3.1. Time-Series Analysis For each object, we determined the time lags for all of the broad optical emission lines in the LAMP spectra (Hα, Hβ, Hγ, He II λ4686, and He I λ5876) relative to the two continuum light curves (B and V ) measured from the photometric monitoring. In Paper III, we describe in detail the crosscorrelation methods used for determining the time lags between the continuum light curves and the broad emission-line light curves. Here we give a brief summary for completeness.
Time lags were measured using the interpolation crosscorrelation function method of Gaskell & Sparke (1986) and Gaskell & Peterson (1987) with the modifications described by White & Peterson (1994) . Cross-correlation functions (CCFs) are characterized by the maximum cross-correlation coefficient (r max ), the time delay corresponding to the location of r max (τ peak ), and the centroid of the points about the peak (τ cent ) above some threshold value, typically 0.8r max . The uncertainties in the time lags were determined using the Monte Carlo "flux randomization/random subset sampling" method described by Peterson et al. (1998 Peterson et al. ( , 2004 , in which the data points in each light curve are randomly sampled and then randomly altered by a Gaussian deviation of the flux uncertainty. The CCF is calculated for the sampled and modified light curves, and r max , τ cent , and τ peak are measured and recorded. A distribution of measurements is built up from 1000 realizations, and the means of the cross-correlation centroid distribution and the cross-correlation peak distribution are taken to be τ cent and τ peak , respectively. The uncertainties on τ cent and τ peak are defined such that 15.87% of the realizations fall above and 15.87% fall below the range of uncertainties, which, for a Gaussian distribution, would correspond to ±1σ.
Together with the photometric light curves and the broad emission-line light curves in the top panels of Figures 1−9, we also show the cross-correlation (auto-correlation) functions for the emission-line (photometric) light curves. In general, we find reliable time-lag measurements for all three of the Balmer lines in the LAMP spectral coverage. In this case, we define "reliable" as those CCFs for which (1) there is an obvious peak with τ ≥ 0, (2) the correlations agree for both the B and V bands, and (3) r max > 0.4. The CCFs for the He lines tend to be much noisier than for the Balmer lines and more often fail our definition of reliability. For the reliable lag measurements, Table 13 lists measurements of τ cent and τ peak in the observed and rest frame of each AGN for all the emission lines compared to both the B-and V -band light curves (except for Mrk 202, where we list the "unreliable" measurements for Hα for comparison with the rest of the sample). In the following discussion, we will give preference to lag measurements determined relative to the B-band light curve, since the variations in the B band are typically stronger than in the V band (see Papers II and III for a discussion of this topic).
Line-Width Measurement
The mean and rms spectra for each of the nine AGNs examined here are displayed in the bottom panels of Figures 1-9 . The rms spectra show the standard deviation per spectroscopic pixel of all the individual spectra relative to the mean spectrum for an object. Thus, the rms spectra display the variable spectral components.
For each emission line with a measured and reliable time lag, the width of the line was measured in the mean and the rms spectra. The helium lines appear as extremely low-level features in the mean spectra, so only the rms line widths are tabulated when measurements were possible. The details of the techniques for measuring the line widths and their uncertainties are described in Paper III. For each line, we record the width as determined by the full-width at half-maximum flux (FWHM) and the second moment of the line profile, the line dispersion (σ line ). Each of the line-width measurements has been corrected for the dispersion of the spectrograph in the manner described in Paper III.
In general, any constant spectral components, such as emis-sion from the host galaxy or narrow-line region (NLR), should disappear in the rms spectra. However, in practice, small errors in spectral calibration and residual aperture effects caused by the combination of a nonzero slit size, atmospheric seeing, and a spatially resolved NLR, are often revealed by emission from constant components that appears in the rms spectra. Unfortunately, several of the objects in the LAMP sample with strong narrow-line emission suffer from this problem in the region of the Hα line. The typical correction for this problem is to remove the narrow-line emission from each individual spectrum in a consistent manner, where the total flux of each narrow line is a constant throughout the spectroscopic campaign, before creating the mean and rms spectra. Rather than attempting to remove the narrow lines in a manner that is not consistent from spectrum to spectrum (which would introduce further biases into the line-width measurements for Hα), we have revised the uncertainties in the Hα rms line-width measurements to compensate for any bias from residual narrow emission. For each of the objects, the rms Hα profile was interpolated across in an attempt to exclude the narrow emission, and the line width was measured and compared to the width from the uncorrected rms spectrum. For many of the objects, the interpolated line widths fell within the uncertainties for the line width measurement. For SBS 1116 and NGC 5548, where this was not the case, the rms Hα line width uncertainty in the positive direction was increased in quadrature by the difference of the corrected and uncorrected line widths. As residual narrow-line emission will always tend to bias the line-width measurement toward smaller values, the correction to the line-width uncertainties is asymmetric and only affects the uncertainty in the positive (larger line width) direction.
A further complication appears upon examination of the Hγ line in NGC 5548. This emission line is very close to the edge of the spectroscopic coverage, and in its current lowluminosity state, the broad lines in NGC 5548 are extremely broad -FWHM≈ 10, 000 km s −1 compared to only a few ×1000 km s −1 for the other objects in the sample. It is likely that the Hγ line is not fully covered by the spectral range in the LAMP dataset, and as such both the mean time lag (which would only measure the response of part of the emission line) and the line width of the Hγ line in NGC 5548 are suspect. Table 14 lists the rest-frame broad-line widths and their uncertainties. The line-width measurements for Hβ were already presented in Paper III, but we include them here for comparison with the other emission lines.
Black Hole Mass
The mass of the putative black hole is determined from the equation
where τ is the mean time delay for a specific emission line, v is the velocity width of the line, c is the speed of light, and G is the gravitational constant. The factor f in the above equation is a scaling factor of order unity that depends on the detailed geometry, kinematics, and emission processes of the line-emitting region. To date, the value of f is unknown, both for individual galaxies and the population average. Instead of adopting a value for f that is based on assuming a specific model of the BLR, we adopt the scaling factor determined in Paper IV of f ≈ 5.2 ± 1.2, which is the value required to bring the AGN M BH − σ ⋆ relationship into agreement with the local, quiescent galaxy M BH − σ ⋆ relationship. This particular value of the scaling factor is based on the union of the LAMP sample and the sample previously considered by Onken et al. (2004) , and is consistent with the scaling factor determined by Onken et al. (2004) ( f = 5.5 ± 1.8), which has been widely used in the literature and was used in Paper III describing the Hβ-based black hole mass derivations for this sample. Although our adopted value of f is derived for the specific case of Hβ, we will assume in the following analysis that the virial coefficient is the same for the lines discussed here. This choice is justified in the absence of observational or theoretical arguments for a varying f within the broad, optical recombination lines. As we will show, the general agreement of virial products across the emission lines considered here confirms that this choice is appropriate.
Following the findings of Peterson et al. (2004) , we use the combination of τ cent and σ line (rms) to determine the mass of the black hole in each object from each individual emission line. Table 15 lists the black hole mass calculated from each individual broad emission line for the nine objects presented in this work. We list both the "virial product," which assumes that f = 1, as well as the adopted black hole mass using the scaling factor from Paper IV.
4. RESULTS 4.1. Time Lag, Line Width, and M BH Consistency NGC 5548, with its many years of monitoring data, was the first AGN known to show a virial relationship between time lag and line width, indicative of the motion of BLR gas in a Keplerian potential (Peterson & Wandel 1999) . In fact, this virial relationship holds for all broad optical and ultraviolet emission lines for which a time lag between the line and the continuum has been measured, as well as for all the measurements of Hβ that have been taken over some 15 years of monitoring campaigns (Bentz et al. 2007 , and references therein). Several additional AGNs have since been shown to exhibit virial behavior of their broad emission lines as well, such as NGC 3738 (Onken & Peterson 2002) and Mrk 110 (Kollatschny 2003) . Figure 10 (top) shows the virial relationship between lag and line width for all measured emission lines in NGC 5548 as determined by Bentz et al. (2007) , with the measurements of Hα and Hβ from LAMP marked in red. The Hβ line measurements fall directly on the fitted relationship, while the Hα line measurements lie above the relationship, but within the scatter. Our earlier concerns about the Hγ line-width measurements are validated by the fact that the Hγ line measurements (marked with a gray cross) lie far away from the locus of other emission-line measurements and far below the fitted relationship. A least-squares fit (McArthur et al. 1994 ) to all of the time-lag and line-width measurements for NGC 5548, including the uncertainties in both time lag and line width, yields a slope of −0.50 ± 0.07, in excellent agreement with the expectation of −0.5 for a virial relationship. Comparing all of the M BH measurements from individual emission-line reverberation results ( Figure 10 , bottom), we see that the mass based on Hβ falls where expected, while that of Hα is somewhat high (albeit within the scatter). The mass measurement based on the Hγ measurements presented here is extremely low and inconsistent with previous measurements.
Similar plots are presented for the other eight AGNs in Figure 11 . In the left panels we show the relationship between time lag and line width for each AGN, and the right panels show the black hole mass determined from each line. With only a small number of emission lines contributing to each plot, we do not attempt to fit a power law to the relationship between lag time and line width but instead display a power law of the form v ∝ τ −0.5 with a dashed line to show the expected behavior for a virial relationship. In general, most objects are consistent with exhibiting virial behavior. NGC 4253 is perhaps the least consistent, but the data quality for NGC 4253 is rather low given the weak variability in the AGN during our monitoring campaign. In addition, we only have measurements for three emission lines, so the inconsistency is not surprising. In the right panels, we show the black hole mass as a function of emission-line wavelength. Gray bands show the range allowed by the 1σ uncertainties in the black hole mass determined from the Hβ line (our most well-calibrated emission line) for comparison with the black hole mass determinations from other lines. Again, the results are generally consistent within a particular object except for NGC 4253, but the black hole mass is simply a combination of the line width and lag time, for which we have somewhat poor measurements in this object.
Velocity-Resolved Lag Measurements
Reverberation mapping seeks to fully map out the response of the line-emitting gas in the BLR as a function of both time and velocity. In Paper III we describe the expected behavior of three simple kinematic models of the BLR (pure radial infall, ballistic outflow, and circular orbits in a Keplerian potential) with the same geometric and radiation parameters for each model (see Figure 10 of Paper III for a visual presentation of the expected responses across the line profile). In the case of circular orbits, the lag time as a function of velocity is symmetric about the line center, and could even appear flat across the emission line depending on the physical details of the BLR. Both infall and outflow show asymmetric behavior, with infall having longer lags at blueshifted (negative) velocities and shorter lags at redshifted (positive) velocities. For outflow, the opposite is expected.
In Paper III, we present velocity-resolved lag times measured across the Hβ emission-line profile for six of our objects -SBS 1116+583A, Arp 151 (first presented in Paper I), Mrk 1310, NGC 4748, NGC 5548, and NGC 6814. Using the same techniques outlined there and in Section 3.1 above, for these six objects we divided both the Hα and Hγ lines into four velocity bins of equal variable flux and calculated the average lag time for each velocity bin relative to the B-band light curve. Attempts to do the same for the He II and He I lines showed no difference in lag measurements as a function of velocity. We describe the results for the Balmer lines for each of the individual objects below.
SBS 1116+583A: -The Hβ velocity-resolved lags for SBS 1116 clearly show a symmetric pattern about zero velocity, with shorter lags in the wings and longer lags at the line center, indicative of circular orbits. The same pattern can easily be seen in the Hα and Hγ lines (see Figure 12) . In addition, the Hγ line seems to show a double-peaked profile, an indication of flattened geometry within the BLR gas. Comparison of the Hβ and Hγ lines reveals the possibility that the Hβ variable emission is also double peaked, with the stronger peak on the redshifted side as is seen in Hγ. The strong residuals from the narrow Hα and [N II] lines superimposed on the variable broad Hα emission do not allow a visual comparison of the variable Hα profile with those of Hβ and Hγ. Finally, the Hγ variable emission is somewhat blueshifted relative to the mean line profile.
Arp 151: -First described in Paper I, the velocity-resolved Hβ emission has a strongly asymmetric lag behavior across the line profile. The blueshifted emission has long lag times that are higher than the total mean lag time, while the redshifted emission drops off to almost zero lag in the highvelocity gas in the wings. This seems to imply simple inflow in the BLR of Arp 151. Comparison with the velocityresolved lags measured for the Hα and Hγ lines in Figure 13 shows similar behavior, again emphasizing the strong redblue asymmetry in the emission-line responses. The variable line profiles appear to be single-peaked and do not in general show a large velocity offset from the mean line profile, although there seems to be excess emission in the red wing of each line.
Mrk 1310: -While the Hβ velocity-resolved lags for Mrk 1310 exhibit a symmetric behavior about zero velocity, the Hα and Hγ velocity-resolved structure is not so orderly, as shown in Figure 14 . Rather, the Hγ line seems to exhibit evidence for outflow with a slight red-blue lag asymmetry, and the variable line profile for Hγ is highly blueshifted from the mean line profile. The variable emission in Hα and Hβ, on the other hand, does not show a strong velocity shift relative to the mean emission-line profiles. More detailed analysis is clearly needed to disentangle the BLR behavior of Mrk 1310, but the consistency with a flat response across the line profile may argue for circular orbits in a Keplerian potential.
NGC 4748: -As described in Paper III, the Hβ velocityresolved lags in NGC 4748 (Figure 15 ) may show evidence for outflow with an asymmetric response about zero velocity. The behavior of the velocity-resolved lags within Hα and Hγ, however, is not clear at all. With the rather large uncertainties for this object, the behavior is consistent with a flat response across the emission lines, which would be consistent with circular orbits in a Keplerian potential. While the Hα variable emission shows no evidence for a large velocity shift, the Hβ variable emission shows a slight blueshift relative to the mean line profile, and the Hγ variable emission is highly blueshifted. There also appears to be excess blue-wing emission in the variable flux of each Balmer line.
NGC 5548: -The Hβ velocity-resolved lag behavior for NGC 5548 is not particularly enlightening, and unfortunately, neither is that of Hα nor Hγ (see Figure 16 ). The overall behavior appears to be consistent with a flat response across the line profile, which could be consistent with circular orbits in a Keplerian potential. We have previously mentioned several reasons why the Hγ line in this particular data set for NGC 5548 may not be reliable. Given its shorter lag time, we would expect the Hγ line to be broader than Hα and Hβ.
Instead, it appears that we may be missing a relatively large fraction of the Hγ emission at the blue end, where the spectral coverage cuts off. For this reason as well as those previously mentioned, we will classify the Hγ measurements included in this work as "unreliable."
NGC 6814: -Similar to SBS 1116, the velocity-resolved lags across the Hβ emission profile of NGC 6814 show a symmetric behavior. This symmetric behavior is also seen in the Hα and Hγ lines (see Figure 17 ). All three emission lines seem to have a double-peaked profile shape in the variable emission, possibly indicative of a disk-like geometry in the BLR. There does not appear to be any significant velocity shift in the variable emission compared to the mean line profiles, and the widths of the variable and mean profiles are very similar, demonstrating that the full range of gas giving rise to the integrated line flux is responding to changes in the continuum flux.
Comparison with Photoionization Predictions
With the large number of optical emission lines (∼ 5) for which we have carried out a reverberation-mapping analysis in each object, we are able to examine and compare the behavior of trends that are exhibited among emission lines with predictions from photoionization calculations of BLRlike gas. Here, we focus on the specific predictions for the optical recombination lines presented by Korista & Goad (2004) . Their predictions are based on a grid of photoionization calculations, originally presented by Korista & Goad (2000) , and generated with CLOUDY (Ferland et al. 1998 ) to model the broad UV emission lines in NGC 5548.
Among the Balmer lines, we find a trend of τ (Hα) > τ (Hβ) > τ (Hγ). This trend is seen in other monitoring studies of multiple AGNs (e.g., (Kaspi et al. 2000) ), but it has not been particularly significant in previous studies due to the large uncertainties in the time-lag measurements. Under pure recombination, the emission from all the Balmer lines would be expected to originate from the same location in the BLR. However, it has long been known that an additional process beyond recombination must be affecting the observed behavior of the broad Balmer lines in AGNs, as evidenced by a variable Balmer decrement (e.g., Peterson & Ferland 1986; Cohen et al. 1986 ). The modification of pure recombination effects is theorized to be the result of radial stratification of optical-depth effects within the BLR (e.g., Netzer 1975; Rees et al. 1989; Korista & Goad 2004) . In essence, the gas densities of the line-emitting "clouds" are higher at smaller radii (closer to the black hole), so the relative-flux variations are strongly weighted by gas at larger radii where the densities and optical depths to line emission are smaller. This, together with the fact that at a given continuum flux, the optical depth of Hα is largest, followed by Hβ, and so on through the Balmer series, will serve to make the emission from each of these lines appear to originate at a different distance from the source (see Figure 3 of Korista & Goad 2004) , with the Hα emission appearing to originate at the largest radius (i.e., largest mean time delay). The optical depths of He I λ5876 and He II λ4686 are even smaller than those of the Balmer lines, with that of He II being the smallest of all the lines considered here, causing their responsivityweighted radii to be even smaller, as we indeed see. For all of the "reliable" lags measured here, the weighted average time-lag ratios are τ (Hα) : τ (Hβ) : τ (Hγ) : τ (He I) : τ (He II) = 1.54 : 1.00 : 0.61 : 0.36 : 0.25 (see Figure 18) .
The responsivity of the lines within a specific AGN can also be compared, where the responsivity (η) of an emission line is a measure of the efficiency of the BLR gas in converting a change in ionizing flux to line flux. Examination of the values F var and R max in Table 12 shows that, in general, η(He II)> η(He I)> η(Hγ) > η(Hβ) > η(Hα) (see Figure 18) . Comparison of the light curves in Figures 1-9 also illustrates that proportionally larger variations are seen in the He lines than the Balmer lines, in response to changes in the continuum flux. This trend is in keeping with the predictions of Korista & Goad (2004) and the findings of previous monitoring programs (e.g., Peterson & Ferland 1986; Dietrich et al. 1993; Kollatschny 2003) . Finally, we find here that the line width measured in the variable part of the spectrum is typically narrower than the line width measured in the mean spectrum. This trend has been seen in most previous monitoring programs (see Peterson et al. 2004 ) and is another prediction that naturally arises from the photoionization calculations of Korista & Goad (2004) . The expectation is that the outer wings of the lines are generated in the inner BLR, where the gas velocities are high. However, the ionization is also higher in the inner BLR, and the gas responsivity is therefore lower. Hence, the variability of the wings of the emission lines will be much lower than that of the line cores, causing the variable part of the emission line to appear narrower.
CONCLUSIONS
The LAMP sample of AGNs was originally chosen for spectroscopic monitoring in order to extend to lower masses the range of black hole scaling relationships in AGNs. With the high-quality spectroscopic dataset obtained at Lick Observatory, we are able to go beyond the original goals of LAMP and begin to examine the details of the BLR physics in these AGNs in the following ways:
• We have presented time-delay measurements and line widths for all of the optical H and He recombination lines in the spectra of the LAMP sample of AGNs: Hα, Hβ, Hγ, He II λ4686, and He I λ5876.
• Comparisons of the black hole masses determined from multiple emission lines are consistent within individual sources, even when assuming a single scaling factor f . For at least the optical recombination lines, it appears that the scaling factor is not heavily dependent on the specific emission line when determining black hole masses from reverberation mapping.
• The time lag versus the line-width measurements for multiple emission lines in an individual source are generally consistent with a virial relationship (τ ∝ v −2 ). Virial relationships have been seen in other AGNs with high-quality spectroscopic monitoring data, upholding the use of reverberation-mapping results as a probe of the gravitational influence of the supermassive black hole on the BLR gas.
• For six of the LAMP AGNs, we have examined the velocity-resolved time-lag response across the broad Hα, Hβ, and Hγ lines. In three of the AGNs, we find a significant trend in the delay versus the velocity across the line profiles of all three Balmer lines. In the other three AGNs, there is no significant trend in delay across the line profile, which may, in fact, argue for evidence of circular motions in a Keplerian potential. We are currently investigating whether more detailed decompositions of the velocity-resolved time-lag response in these objects may be accomplished using the maximum entropy method Horne 1994 ).
• We are able to confirm several trends in the behavior of the broad optical recombination lines that are expected from recent photoionization calculations and have also typically been seen in other AGN monitoring campaigns. Specifically, we confirm an increase in responsivity and a decrease in the mean time lag as the excitation and ionization level for an emission line increases. This is manifest as τ (Hα) > τ (Hβ) > τ (Hγ) > τ (He I) > τ (He II) and η(Hα) < η(Hβ) < η(Hγ) < η(He I)< η(He II). Agreement with these photoionization calculations argues for optical-depth effects that appear to "fine tune" the responses of the optical recombination lines, as expected under the LOC model for AGN BLRs.
Many of the additional predictions of Korista & Goad (2004) for optical recombination lines in AGN BLRs require multiple monitoring campaigns of multiple emission lines from a single AGN in different flux states. The investment of time to examine these predictions is both warranted and necessary. The optical recombination line emissivities and responsivities depend on the local continuum flux (i.e., radius) for a fixed continuum luminosity, and thus the optical recombination lines are important to include in quasar tomography for mapping out the physical parameters of BLR (Horne et al. 2003) . The recovery of a velocity-delay map for a single emission line, such as Hβ, is a key goal of reverberation mapping and would allowing insight into the geometry and kinematics of the BLR. The simultaneous recovery of velocitydelay maps for several emission lines could set much stronger constraints on, and perhaps break degeneracies between, the physical parameters of the line-emitting gas in the BLR and may usher in yet another new era of understanding for this spatially unresolved region in AGNs.
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